Leukemia-Lymphoma cell lines are important and widely used research tools. Choosing the right cell line is contingent upon its applicability as in vitro model and can be assured by authentication of the cell line, verification of derivation from the desired tissue/cell of origin, and additional characterization of the cells.
Leukemia-lymphoma cell lines
Over the last decades, there has been an explosion in understanding of the biology, pathogenesis and treatment options for various types of tumors. Part of this progress was made possible through laboratory investigations using continuous cell lines.
Due to their high relevance for human disease, easy manipulation, and relative low costs, leukemia-lymphoma (LL) cell lines (including here cell lines derived from multiple myeloma and related entities) continue to represent vital models for a large range of ongoing investigations. 1 While their advantages and benefits as in vitro tools are undeniable, misidentification, contamination issues, and data over interpretation are limitations that afflict the use of LL cell lines. Furthermore, the stubbornly ineradicable myths of genetic instability of cell lines and the alleged acquisition of additional alterations in culture have contributed to almost ruin the once high reputation of LL cell lines and insinuated an unfavorable profile.
Working with the correct cell line
In a series of previous articles we have tried to alert the scientific community to the wide-spread cross-contamination of tumor cell lines in general and LL cell lines in particular. [2] [3] [4] [5] The root of the problem is the same for cross-contamination and the epidemic of mycoplasma contamination which can be attributed predominantly to inadequate cell culture practice. Figure 1A shows the percentage of mycoplasma-positive LL cell lines received at DSMZ, a public non-profit biological ressources center and cell lines bank, between 1990 and 2017 (data updated from ref. 5 ). There was steady improvement on the mycoplasma-issue by period of receipt in both groups, cell lines received from the original investigators who had established the cell line and cell lines received from secondary sources. Significantly easier mycoplasma detection techniques and the option to eradicate the contaminants with potent antibiotics led to this improvement.
Perhaps more important than treating mycoplasma-contaminated cell lines is preventing the infection through improved good cell culture practice. 6 While the "mycoplasma-problem" seems to be more or less under control, this is clearly not the case for the "false cell lines-problem" where the percentages of crosscontaminated cell lines still remain stubbornly at a disturbing high level (Fig. 1B) .
Real-world data show that poor adherence to legally, scientifically and socially appropriate conduct in obtaining LL cell lines appears to be associated with a very high rate of "false cell lines" being used. This is not only a problem for the laboratories working with the wrong cell lines, but also for the entire research community since many publications contain data on cell lines that are mislabeled. Spoken out clearly, the usual practice of cell cultures wandering from lab to lab without commensurate permission and without authenticity check does not help in reducing the incidence of cross-contaminated cell lines. For example, in China where clearly many LL cell lines still arrive on long and unusual routes very high levels of crosscontaminated cell lines were uncovered recently. 7, 8 Authentication needs to become a more central tenet of culturing LL cell lines since this is not so difficult to do. The most often used and most informative methodology is STR analysis (also known as "DNA fingerprinting", commonly taking advantage of single tandem repeat polymorphisms) which allows for definitive and comprehensive searches in web-based databases. Creating awareness and systematic use of authenticity screening may improve the still unsatisfactory status quo. Scientists should be cognizant of the possibility to deal with false LL cell lines. An easy way to avoid working with false cell lines is to obtain cell lines from reputable sources, and not just from the lab nextdoor. It is to be hoped that improvements in awareness und correct acquisition of cell lines will translate to improvements in the quality and reproducibility of research data. It is the mandate of public cell line banks to raise awareness about this underappreciated threat. Several journals, including HemaSphere, are now asking for proof of cell line authentication in publications, to help raise awareness and to avoid such mistakes in published data.
The correct tissue/cell
Besides the proven derivation from the index patient (authentication and exclusion of cross-contamination), cell line integrity also depends on the correct clinical diagnosis of the patient (fidelity of diagnosis) and the derivation of the cell line from the malignant tissue and not from residual non-malignant bystander cells (correct tissue of origin identity or cell of origin identity). 9 In order to avoid misinterpretations of findings, any misdiagnosis of the primary tumor and incorrect assignment of the cell line to a type of tissue/cell must be resolved. Various methods exist to verifiy the correct tissue/cell of origin, for example immunoprofiling of surface markers, cytogenetic karyotyping, or molecular cytogenomics.
Gene expression profiling which can be used in the hierarchical clustering of LL cell lines has allowed for a more nuanced understanding of their place in the hematopoietic system and represents a pragmatic, experience-informed approach, also allowing to assess the fidelity of the diagnosis (examples are shown in Fig. 2 ). These data provide additional information beyond the traditional assignment of cell lines which is based mainly on the original diagnosis of the patient (clinical presenting features) and on surface marker profiles.
As has been done for ovarian cancer cell lines, 12 we can envision a next generation of analyses whereby cell lines are compared with primary tumor cells to document the similarities of the samples and allowing to propose the most suitable cell line model.
Further characterization
The true value of specific cell lines as models lies in their unique features and characteristics. 13 Following the lead of the NCI-60 panel (which covers mainly solid tumor-derived cell lines), 14 we developed a reliable set of LL cell lines that we termed "LL-100 panel", being composed of 100 LL cell lines (Fig. 3) . As there is a rationale for large-scale sequencing of LL cell lines that are cytogenetically, immunologically and clinically fully annotated and rigorously authenticated and validated, we established a formal programme for the molecular characterization of the LL-100 panel in 2017. 15 The LL-100 represents the corpus of a modern cell line panel and provides a solid background for studying genomic and transcriptomic alterations. Its huge publicly available database offers unique opportunities to query a multitude of gene alteration parameters. 15 Clearly, the public availability of the most important and validated LL cell lines will be crucial to explore new molecular and biological aspects of leukemialymphoma.
There has been tremendous progress in the understanding of leukemia-lymphoma genomics while establishing and describing preclinical models that capture this pathobiology. The complexity 15 ABC = activated B-cell; ALCL = anaplastic large cell lymphoma; ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; BC = blast crisis; BCP = B-cell precuror; Burkitt = Burkitt lymphoma; CLL = chronic lymphocytic leukemia; CML = chronic myeloid leukemia; DLBCL = diffuse large B-cell lymphoma; ery = erythrocytic; GCB = germinal center B-cell; HCL = hairy cell leukemia; Hodgkin = Hodgkin lymphoma; LL = lymphoblastic lymphoma; lympho = lymphoid; malign = malignancy; MCL = mantle cell lymphoma; meg = megakaryocytic; MM = multiple myeloma; mono = monocytic; MPN = myeloproliferative neoplasms; myelo = myelocytic; NK = natural killer; PCL = plasma cell leukemia; PEL = primary effusion lymphoma; PLL = prolymphocytic leukemia; PMBL = primary mediastinal B-cell lymphoma.
(2019) 3:6 www.hemaspherejournal.com of the mutational landscape highlights the need to interrogate a broad array of LL cell lines derived from different entities and different phases of the disease. Building on these recent advances, further efforts are warranted to provide a comprehensive characterization of additional LL cell lines as there are dozens and hundreds of unexplored cell lines covering the complete gamut of hematopoietic malignancies with their striking diversity.
In order for LL cell lines to continue to represent important and reliable research tools in hematological oncology, cell line integrity (fidelity of diagnosis, authentication and exclusion of cross-contamination, tissue/cell of origin identity) and extensive characterization are essential for the suitability of any given cell line to serve as a faithful in-vitro model. Finally, it will be also of utmost importance that new LL cell lines are established.
